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The effects of atmospheric turbulence in both horizontal and near-
horizontal flight, during the return of the Space Shuttle, are important
for determining design, control, and "pilot-in-the-loop" effects. An
improved non-recursive model for atmospheric turbulence along the flight
path of the Shuttle Orbiter has been developed which provides for simulation
of instantaneous vertical and horizontal gusts at the vehicle center-of-
gravity, and also for simulation of instantaneous gust gradients. Based on
this model the time series for both gusts and gust gradients have been generated
and stored on a series of magnetic tapes.
Section  2 provides a description of the various technical considerations
associated with the turbulence simulation model. Included in this section are
descriptions of the digital filter simulation model, the von Karman spectra
with finite upper limits, and the final non-recursive turbulence simulation model
which was used to generate the time series.
Section 3 provides a description of the time series as currently recorded
on magnetic tape. Conclusions and recommendations are presented in Section 4
while references cited are listed in Section 5.
•
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2. TECHNICAL DISCUSSION
Based on earlier efforts [1] an improved turbulence simulation model
had been already developed. In the course of the current study this simulation
model was subjected to additional analysis and revision in order to produce
a more practical simulation tool. The additional analyses and revisions are
described in the subsections which follow.
2.1	 DIGITAL FILTER SIMULATION
The existing turbulence model, based on digital filter simulation [1],
involved the solution of digital filter difference equations which were derived
from z-transform theory (2]. The previously developed combined von Karman -
Saffman spectra (1] were approximated by means of a series of general mero-
morphic functions of the form
_	
NNLEAiA	 RbiRbQRdiRc£	 exp j ( 0 .-0	 +0	 -0
2	 2	 [	 bi	 b	 di	 d
R	 .R	 R	 •R
i = 1	 Q=1	 c^	 c^	 fi	 f^.
-Oci + cz -20fi+2 ft
where
An 	= coefficient (based on curve fit)
R	 =
bn





(c n 2 + Q2)1/2
Rdn (cr,2 + X22)1/2
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(f 2 + 112)1/2
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bn = constant (based on curve fit)
cn = constant (based on curve fit)
do = constant (based on curve fit)
fn = constant (based on curve fit)
2.1.1	 Development of Revised Meromorphic Function
Each term in the preceding general meromorphic funct-;,)n contained
five coefficients, An , bn , cn , dn , and fn . The values for these coefficients
were obtained by curve-fitting the specific gust or gust-gradient spectrum.
For a series approximation involving N terms, values had to be established
for a total of 5 N coefficients. Because of the number of coefficients in-
volved, and the nonlinear characteristics of the terms, a numerical method
based on the Newton-Raphson method coupled with the Freudenstein-Roth tech-
nique [3] was utilized as a means of assigning values to the coefficients.
This approach proved only partially successful due to matrix inversion problems.
Such problems were caused by the limited number of double-precision significant
figures (12 or 13) available on the HP-21MX digital computer. In addition,
the selection of initial guesses for the coefficients proved to be difficult
because of the relatively complex form of the functions.
For the reasons noted a revised meromorphic function (RMF) with a






i = 1 k= 1	 ( fi ) ( fk)
where
An
 = Coefficient (based on curve fit)
Rfn 
= 
(fn 2 # S12)1/2
6 f = arctan (Q/fn)
fn = constant (based on curve fit)
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Each RMF term contained only two empirical constants to be computed, A n And
fn . The power coefficient, M, could be assigned any pcsitive integer* value
but a value of +2 proved to be generally appropriate.
2.1.2	 Development of RMF Difference Equation
Based on the same approach used previously with other meromorphic
functions [1], the difference equation based on the RMF was derived as follows:
MN
Yx (k) = G 1 
L 
[Wj X(k-j) - GM,j Y x (k-j )1	 (3)
M,0 j-1 J
where	 i





Dk = (-1) k x elementary symmetric function of Cj(0_<j<N)
C 
	 = exp (-fj T)
T = dimensionless time step
TM-1


















j , i - 0	 (j>mN-m)
DZ'i = (-1) 1 x elementary symmetric function of C j (C<j:N), omitting Ci
	
2.1.3	 Spectral_ Curve Fits
The RMF was utilized to develop approximations for several different
spectra. As before the values of Ai
 and f  for each term in the series approxi-
mation was computed by means of the Newton-Raphson method coupled with the
Freudenstein-Roth technique. In general this curve-fitting procedure proved
satisfactory but considerable care was necessary in the selection of the initial
guesses in order to achieve convergence. Examples of the spectral curve fits
for the combined von Karman - Saffman spectra 4 22 and 
`11/11 are provided in
Figures 2-1 and 2-2.
	
2.1.4	 Numerical Instability of RMF Difference Equations
The RMF difference equations previously developed were incorporated
into a digital computer program suitable for the HP-21MX. The program was
subjected to a number of tests to insure that the various intermediate arrays
associated with the RMF series were properly computed.
A series of test runs were carried out with a nine-term RMF series
approximation of 
-t22' In all such test runs the resulting output, representing
the y-component of th(: turbulent gusts, increased until the limit of the computer
was reached. This buildup apparently resulted from the large values of 
4M J
associated with the nine-term RMF series. Several methods were used in an
attempt t-i avoid such a buildup. Variation of the time step, T, had little
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Figure 2-2. Curve Fit (12-term) of Normalized Gust Gradient Spectra 011111(1)
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Similar problems with instability were apparently encountered
initially in earlier work using simpler meromorphic functions [2,4]. In
those cases as the computations proceeded, however, the instabilities died out
and subsequent output proved stable [5]. For the current case involving a more
complex series of meromorphic functions, the instability did not die out in
spite of various attemps to scale it down. The concl^jsion was reached that
the basic difference equation was inherently unstable and thus not suitable
for use in a turbulence simulation model.
2.2	 DEVELOPMENT OF VON KARMAN SPECTRA WITH FINITE UPPER LIMITS
The combined von Karman - Saffman spectra [1] had been used for all
work involving the digital filter simulation concept described in subsection
2.1. Based on a further analysis of the ranges of wavenumbers over which the
turbulence model was valid [6], the combined von Karman - Saffman spectra
integrated over all wavenumbers were replaced by von Karman spectra with finite
upper limits of integration. The basic three-dimensional relation to be inte-





2 	 2	 (4)36aTr	 (1+K ) 11/6
The corresponding relation for gust gradient spectra was
2	 K.2(K2-K.2)
0ii1JJ(K1'K2'K3)	 L2 (T652a3	 ( 1+K2)17/6	 (5)
2.2.1	 Upper Limits of Integration
The upper limits of integration were based on three characteristic



















The scale of turbulence, L, wa-; taken to be 762 meters or 2500 feet. The
^aximum dimensionless wavenumbers corresponding to the characteristic dimensions
are presented in Table 2-2.






Based on second-order numerical integration the preceding gust
and gust gradient spectral relations were integrated over K3 and K2 (with
the appropriate upper limits). The resulting one-dimensional spectra are
presented in Appendix A.	 As indicated in the appendix the spectra were
computed for values of Q
	 in excess of 
Klmax' These computations were
necessary because of the need for establishing a Nyquist cutoff frequency
The dimensionless frequency ! 1 (=aLw l/V) is equivalent to the dimensionless
wave number KI(=aLk1).
9
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for each spectra, as discussed in the subsection 2.2.3. The spectra have also
been normalized based on an upper limit of SZ 1 which equals 100 Klmax'
2.2.3	 Nyquist Cutoff Frequencies
The finite limit 
nlmax(-Klmax) previously developed corresponds
to the optimum dimensionless sampling frequency. The Nyquist cutoff frequency,
01N' however should be greater than this optimum sampling frequency because
of the distortion to the spectra due to the finite upper limit (4]. This dis-
tortion can be expressed in the form of a modified spectrum V(Q 1 ) where
Sir12 (710IQ1N
(7TR 1 f Q1N)
sin2[^ ( 2
^1max
	 Q 1 )/'q lN ]	 (6)+ ^ (2S2 1max - 1)	 2a	 _	 2[T( lmax	 21)^21N]
The value of p (Q1N ) must be selected such that V(Q 1 ) closely resembles
( 1 ) for nl<^lmax' A series of test runs were carried out comparing V(21)
with .(Ql ) for various values of n1N"
Based on the series of test runs a Nyquist cutoff frequency, Q1N'
was computed for each spectra as shown in Table 2-3. These cutoff frequencies
are also included in Figures A-1 through A-12. The basic criterion for computing
the cutoff frequencies was that
.Q lmax	 Amax
(D(SZ 1 )dSZ I
	=	 0' (S21)dQj	 (7)
fo	 0
The resulting modified spectra, V (Q j ), produced by such cutoff frequencies
generally resemble the original spectra, ^D(SZ 1 ), as indicated in Tables B-1






























2.2.4	 Normalization of Spectra
As noted previously the spectra presented in Figures A-1 through
A-12 extend to an upper limit of S2 1 which equals 100 K1max' Numerical
integration of these spectra with respect to S2 1 was carried out to obtain
'. au.
<u i u i '> and { au i= > with the following results:
axe axe
(
<u 1 u 1 1 > .9541 (Kllimit 8630,
<u2u 2 '>	 = a2	 .9661	 K2limit = 85.7,
<u 3 u 31 >
	 (.9556
	 K3limit - 305.7)
and
cu au '	 Clu cu '	 Cu ^u1^1	 { 1 1 > { 1-1>
ox 1 ax 1 	ax2 ax2 '	 2x3 ax3'
3U2 	^ 2u	 au 2u	 2	 2	 2	 2	 2
ax  ax 1 '	 ax2 ax2'	 ox  ax 3'
au au'	 au au'	 ;U3{ 3. 3 ^ { 	3	 3 ^ { 3	 3>
ax  ax 1 '	 ax  ax 2 '	 ax  2x3'
Q2	 130.07	 97.174	 249.92	 (K11imit - 8630,
L2	 631.76	 71.368	 308.62	
K21imit = 85.7,	 (9)







The right-hand sides of Eqs (8) and (9) represent the normalization constants
based on upper limits of 100 Klmax' K2max' and K3max' The corresponding
normalization constants based on upper limits of 01N*' K2max' and K3max
were obtained by interpolating the numerical values of cumulative distribution
functions which were computed in conjunction with the numerical integration
previously noted. The results were as follows:
	
<u l u l '>	 .9199	 (Kilimit - QUO
	
<u 2u2 '>	 = QZ	 .9428	 K21imit = 85. 7. (10)
	
<u3u 3 '>	 (.9231	 K31imit = 305.7)
oU 2U '	 cU aU '	 2U nU
	
1	 1>	 1	 1— ^ <	 1 -- 1
ax l ax l '	 ax2 aX 2 '	 ax3 ax 3'
aU2 aU 2 '	 2u2 aU2 '	 au  0u2'
ax ox l '	 00X2 aX 2 '	 "0x3 aX3'
aU au'	 au au'	 aU aU'
^ 3 3^ ^ 3 3^ ^ 3 3>
ex  ax i '	 ax  ax 2 '	 ax3 OX 31
- 
a2	







 95.60	 84.78	 K31imit ° 305.7)























In similar fashion the corresponding normalization constants based on
upper limits of Klmax' K2max' 
and K3max were obtained by interpolation




^	 1	 1^ ^^	 1 au 1^ au^	 1 2u	 '1^
ox I 	axI' ox ax2' ox ax 3'
au2 au 2 ' 2u2 au 2 , a"2 au2,
ax 	 ax I ' ax2 ax 2 ' ax3 ax 3'
;U
	
au '3	 3< a u 3 au	 '3> a u 3< - '3
ax 	 ax I ' ax ax 2I ax ax 3'
2	 55.36	 88.82	 190.06	 (Kllimit '286.3,
- 6	 91.29	 53.48	 191.96	 K	 85.7,
- ^	 2limit
 
^ 82.71	 82.08	 62.09	 K31imit = 305.7)
2.3	 NON-RECURSIVE TURBULENCE SIMULATION
(13)
The numerical instability associated with
as described in subsection 2.1.4 was due in part to
model. In an effort to retain the meromorphic funs
of the gust and gust gradient spectra, an alternate
ference equations were derived based on a binominal









T - dimensionless time step (n/Q1N)
M = power coefficient (normally =2)
N	 M-1
rtj+M-1-A
	 j - (j+M-2-Z) j-1
RP! M	
- E A i E B^L1 M-1 / C i	 M-1 	 C i. .J
i=1	 X=1
Ai = coefficient (based on curve fit)
Bz = z-transform coefficient (depending on M)
Ci = exp (-fiT)
f 	
= constant (based on curve fit)
( m) = binomial coefficient (= 	 ml ,	 )
n	 m-n n
Eq (14) differs from the original RMF difference equation (3) in that the
later was recursive while the former is not. Thus Eq (14) is not subject
to the type of instability previously encountered with Eq (3).
Although Eq (14) represents a reasonable alternative to the original
approach, there exists an easier, more direct method of generating an equivalent
non-recursive model. As developed by Perlmutter [91 a simulated turbulent
signal can be generated by the relation
+N





YX(k) = discrete sampled output based on white noise input X(k)
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h(k) = h(U)
= h(t) (the impulse response function)
X(k) = discrete sampled white noise input








Eq (16) represents a relatively simple non-recursive relation for turbulence
simulation based on a white noise source and an impulse response function.
The impulse response function is the inverse Fourier tranform of the
square root of the one-dimensional spectra. Therefore
h(t) = F -1 [(D( Q l ) 112 1 	 (17)
Thus
h(t) =-^J [O(Shc 1/2 exp (JQlt) dQ1
W
2^r f [.(Sj1)11/2 [cos(Q l t) + j sin (P lt)] dn,	 (18)
_m
Now sin(9 1 t) is odd while MS210] 1/2 and cos(Shct) are even. Thus
0*




By means of second-order numerical integration (111 the discrete
inverse Fourier transforms were computed for the square root of the gust and
gust gradient spectra, shown in Figures A-1 through A-12. The numerical inte-
gration for each spectra was limited to the frequency interval from 0 to C21N'
The computed transforms are presented in Figures C-1 through C-12 of Appendix
C. Based on Eq (16) these transforms were used with a white noise source,
RNORM (11, to generate simulated turbulence gusts and gust gradients.
17
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3. TIME SERIES FOR SIMULATED TURBULENCE
The non-recursive turbulence simulation model described in sub-
section 2.3 has been incorporated into a digital computer program TBSIM. This
program is currently operational on the HP-21MX digital computer in the MSFC
Space Sciences Laboratory. The inputs to TBSIM are the impulse response function,
W) for each spectrum, and white noise from RNORM 111. The outputs of TBSIM are
the simulated turbulence time series written in dimensionless form and stored on
magnetic tapes.
3.1
	 CHARACTERISTICS OF DIMENSIONLESS TIME SERIES
The sampling interval for each time series corresponds to the dimension-
Zess time step T ( =7/St1N ). The corresponding dimensionaZ time step can be ob-
tained by the relation
AT = 7aL/(Vn1N )	 (20)
The value of the Nyquist cutoff frequency Q1N for each spectrum is provided in
Table 2-3. The dimensionless time step and number of time steps for each series
are indicated in Table 3-1. The dimensionZess gust and dust gradients represented'
by the amplitude of the series can be converted to dimensionaZ form by multiplying
by the normalization constants presented in Eqs (10) and (11). Portions of the
time series for the x l-gust and the au 1-gust gradient are presented in Figures
3-1 and 3-2 respectively.	 sxl
3.2	 CHARACTERISTICS OF MAGNETIC TAPES
Each of the twelve simulated turbulen. p time series (corresponding to
the three gust spectra and the nine gust gradient spectra) is written on a
separate nine-tract magnetic tape as indicated in Table 3-1. Pertinent character-
istics of the tapes are summarized in Table 3-2.
The first record on each tape contains a 34-character alphanumeric
descriptor. The second record contains the spectrum identification (NINT), the
number of points in the time series (MMAX), and the time series step size (T).
The format for this record is "2I10,5X,E14.7". Following these two records, the
time series is stored on tape as MMAX records. Each such record consists of
the time (ST) and the corresponding value of turbulent gust or gust gradient (Y).


























Figure 3 - 1. Sample Time Series for Turbulent Gust, u 
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TABLE 3-1. MAGNETIC TAPES FOR SIMULATED TURBULENCE TIME SERIES
Dime,nsionless Time
Tape No. Spectrum Step Number of Time Steps
1 oil .01047 30,000
2 022 .01102 30,000j  
3 033 .01102 30,000
4 011/11 .01532 30,000
5 011122 .01208 30,000
6 11133 .01396 30,000
7 22/11 .01628 30,000
8 4)22/22 .01396 30,000
9 022/33 .01461 30,000
10 33/11 .01611 30,000
11 033/22 .01282 30,000
12 033/33 .01496 30,000
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4. CONCLUSIONS AND RECOMMENDATIONS
A turbulence simulation model for gusts and gust gradients based
rin von Kaman spectra with finite upper limits has been developed. In the
development of the model the initial approach involving the use of a recursive
model, based on digital filter simulation theory and meromorphic function series
approximation, was not successful due to the unstable behavior of the resulting
difference equations. The second approach, involving the use of a non-recursive
model based on the impulse response function of the square root of each spectra,
proved successful and forms the basis for the model which is incorporated into
a digital computer program entitled TBSIM.
By means of TBSIM a time series has been generated for each of the
three gust spectra and nine gust gradient spectra. Each time series has been
recorded on a separate magnetic tape. These tapes are set up in such a manner
as to be interfaced with other simulation programs.
The time series as currently generated appear representative of the
turbulent gusts and gust gradients under consideration. The need exists, however,
to subject each series to spectral analysis by means of Fourier transform to
establish the degree to which atmospheric turbulence is actually simulated. In
addition to such analysis a need also exists to determine whether or not the
conversion of the time series from dimensionless to dimensional form poses any
problem for a potential user.
22
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VON KARMAN GUST AND GUST GRADIENT SPECTRA
WITH FINITE UPPER LIMITS
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Figure A-5. Normalized Gust Gradient Spectra, `11/22('11)
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Figure JA-12. Normalized Gust Gradient Spectra, 








TABLE B-1. tll SPECTRA FOR O1N = 300.0
1000E-05 .4746 .4746 1.000
1.0000E-O .4745 .4745 1.000
.20OOE-01 .4744 .4744 1.000
.3000E-01 .4742 .4742 1.000
.4000E-01 .47329 .4739 1.000
.5o	 rE-02 .4736 .4736 1.000
.6000E-01 .4732 .4732 1.000
.7004E-01 .4726 .4726 1.000
.2000E-01 .4720 .4720 1.000
.9004E-0I .4714 .4714 1.000
1.0000E-01 .4706 .4706 1.000
.1900 .4606 .4606 1.000
.2800 .4453 .4453 1.006
.3700 .4268 .4260 1.000
.4600 .4038 .4038 1.000
.5500 .3881 .3801 1.000
6400 .3558 .3558 1.000
.7300 .3317 .3317 1.000
.8200 .3086 .3086 1.000
.9160 .2866 .2866 1.0000
1.000 .2661 .2661 1.0000
1.900 .1337 .1337 .9999
2.800 .7789E-01 .7790E-01 .9998
3.700 .5098E-01 .5100E-01 .9997
4.600 .3609E-01 .3611E-01 .9995
5.500 .269°E-01 .2700E-01 .9°93
6.400 .2097E-01 .2100E-01 .9990
7.304 .1681E-01 .1683E-01 .9987
8	 200 .1379E-01 .1382E-01 .9983
9.104 .1154E-01 .1157E-01 .9980
1U. 000 .9817E-0% 9841E-02 .9975
la	 C.0 3201E-02 .3227E-02 .9>i19
C. 	 00 .1555E-02 .1579E-02 .9852
37.00 .8938E-03 .9112E-03 .4810
4C	 0 5675E-03 5766E-03 .9842
5` 04 .3879E-03 .3871E-03 1.002
64.00 .2829E-03 .2712E-03 1.043
7.64 .2202E - 03 .1962E - 03 1.123
82'.44 .1955E-03 .1457E-03 1.342
81•..'•0 .1948E-0,; .1289E-03 1.511
('Amax
0	
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TABLE B-6. @11/33 SPECTRA FOR n 1 = 225.0
.1000E-05 .2243E-01 .2234E-01 1.004
1.0000E-02 .2243E-01 .2234E-01 1.004
.2000E-01 .2243E-01 .2233E-01 1.004
.3000E-01 .2243E-01 .2233E-01 1.004
.4000E-01 .2243E-01 .2233E-01 1.004
.5000E-01 .2242E-01 .2233E-01 1.004
.6000E-01 .2242E-01 .2233E-01 1.004
.7000E-01 .2242E-01 .2233E-01 1.004
.8000E-01 .2242E-01 .2233E-01 1.004
. 9000E-01 .2242E-01 .2233E-01 1.004 
1.0000E-01 .2242E-01 .2232E-01 1.004
.1900 .2239E-0i .2230E-01 1.004
2800 .2235E-01 .2226E-01 1.004
.3700 .2229E-01 .2220E-01 1.004
.4600 .2222E-01 .2213E-01 1.004
.5500 .2214E-01 .2205E-01 1.004
.6400 .2206E-01 .2196E-01 1.004
.7300 .2196E-01 .2187E-01 1.004
.8200 .2186E-01 .2177E-01 1.004
.9100 .2176E-01 .2166E-01 1.004
1.000 .2165E-01 .2156E-01 1.004
1.9^0 .2058E-01 .2048E-01 1.005
2.800 .1963E-01 .1953E-01 1.005
3.700 .1881E-01 .1871E-01 1.005
4.600 .1810E-01 .1800E-01 1.005
5.500 .1746E-01 .1737E-01 1.005
6.400 .1690E-01 .1681E-01 1.005
7.300 .1638E-01 .1629E-01 1.005
8.200 .1590E-01 .1582E-01 1.005
9.100 .1546E-01 .1539E-01 1.005
1ii000 .1504E-01 . 149S€-01 1.004
19	 00 .1184E-01 .1187E-01 .9576
28.00 .9611E-02 .9735E-02 .9873
37.00 .7940E-02 .8131E-02 .9760
46.00 .6660E-02 .6869E-02 .9696
55.00 .5684E-02 .5850E-02 .9715
64.0 ,5 4956E-0'[ .5014E-02 .9883
73.00 .4441E-02 .430E-02 1.028
8.00 422E-02 .3738E-02 1.129
8E.30 .4207E-02 .3503E-02 1.201
Amax

































































































































































































































































































































































































































































































































































































































































































































033/22 SPECTRA FOR O1N - 245.0 
of 0 '61/0
1000E-05 .3033E-01 .3023E-01 1.003
1.0000E-02 .3033E-01 .3023E- 01 1.003
.2000E-01 .3033E-01 .3023E-01 1	 1*03
.3000E-01 .3033E-01 .3023E-01 1.,003
.4000E-01 .3033E-01 .3023E-01 1.003
.5000E-01 .3032E - 0! .3022E-01 1.003
.6000E-01 .3032E-0 .3022E-01 1.003
.7000E-01 .3032E-01 .3022E-01 1.003
.8000E-01 .3032E-01 .3022E-01 1.003
.9060E-01 .3032E-o1 .3022E-01 1.003
1.0000E-01 .3032E-01 .3022E-01 1.003
1900 .3030E-01 .3020E-01 1.003
.2646 .3427E-0t .3017E-61 1.003
1706 .3023E-01 .3013E-01 1.003
.4600 .3016E-01 .3008E-01 1.003
3500 .3011E-01 .3001E-01 1.003
.6400 .3003E-01 .2993E-01 1.003
.7300 .2994E-01 .2984E-01 1.003
.8200 .2984E-01 .3974E-01 1.003
.9100 .2973E-01 .2962E-01 1.003
1.000 .2961E-01 .2950E-01 1.003
1.900 .2818E-01 .2808E-01 1.004
2.800 .2675E-01 .2665E-01 1.004
3.700 .2546E-Ot .2536E-01 1.004
4.600 .2431E-01 .2421E-01 1.004
5.500 .7327E-01 .2318E-01 1.004
6.400 .2233E-Ot .2224E-01 1.004
7 .300 . 2147E-01 .2139E-01 1.004
8.200 .2068E-01 .2060E-01 1.004
9.100 .1994E-01 .1987E-01 1.003
10.000 .1925E-o! .1919E-01 1.403
19.00 .1407E-01 .1411E-01 .9970
2rd . 00 . 1065E- 01 .1077E-01 . 992a2
37.00 .8215E-02 .8384E-02 .9799
46.00 .645SE-02 .6611E-02 .9764
55.00 .5185E-02 .5271E-02 .9837
64.00 .4284E-42 .4246E-02 1.009
73.00• .3454E-02 1.062
82.00 3412E-02 .2836E-02 1.203




,)d0 	 .Ql	 _	 81316 1.0004
Silmax	 MT l
^(n )dQ0	 1	 1
B-12
-a - .^ ts-ate . .
OF PU-6k	
TABLE B-12. 133/33 SPECTRA FOR 
n
 1 • 210.0
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Figure C-12, Inverse Fourier Transform of v1f 3
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